Introduction {#Sec1}
============

Patients with type 1 diabetes (T1DM) require insulin therapy for their life time; and the majority of patients with type 2 diabetes (T2DM) will require insulin therapy over time, due to the progressive decline in β-cell function \[[@CR1]\]. The prevalence of known T1DM in East Africa is still low, but reported to be increasing; ranging between 4.8/100,000 and 16.4/100,000 in published studies \[[@CR2]\]. The prevalence of T2DM in recent population studies in East Africa, has ranged from 1.4% to 12.0%, with studies reporting over 50% previously undiagnosed cases of T2DM. Such patients are likely to present late with acute or long-term complications of T2DM and needing insulin therapy \[[@CR3]--[@CR9]\]. Therefore, within East Africa, there may be many patients requiring insulin therapy and assistance from health care providers in the management of the insulin therapy. In the absence of specific guidelines on insulin therapy for the region, the health care providers may not be in position to give detailed instructions to patients on proper injection techniques, and therefore there is an urgent need for guidelines on insulin storage and optimisation of injection technique in diabetes management, focusing on the East African region.

Until recently, many of the recommendations on insulin administration, globally, had little or no scientific underpinning and were based as much on habit and tradition as on evidence \[[@CR1]\]. Moreover, the majority of patients with diabetes wish there were other ways of administering insulin, other than by injections, and are therefore not keen to learn about insulin therapy until insulin is prescribed. Therefore, improving patients' perceptions and acceptance of insulin should be a primary goal of diabetes care \[[@CR10]\]. The importance of proper needle size, the correct injection process, complication avoidance and all aspects of injection technique from the first visit onwards should be addressed.

There are currently three classes of injectable medications available for diabetes therapy: insulin, glucagon-like protein 1 (GLP-1) agents and amylin analogue \[[@CR2]--[@CR4]\]. These guidelines aim to complement previously published guidelines on insulin therapy \[[@CR11]\] so as to optimise insulin therapy in diabetes management and will not discuss, in much detail, the administration of GLP-1 or amylin. These guidelines stress the need for correct technique in every insulin injection and show how critical this is for achieving optimal control of diabetes, noting that during the last few decades the recommended technique for insulin injection has changed \[[@CR12]\]. The introduction of shorter needles (4 mm for pen and 6 mm for insulin syringe) has led to the recommendation that the needle for administration of insulin should be inserted perpendicularly, without grasping a skin fold (pinching) \[[@CR13]\]. Therefore, appropriate training of health care professionals is important so that instructions to the patients are adequately provided \[[@CR10]\]. Table [1](#Tab1){ref-type="table"} summarises the recommended topics for diabetes educators regarding insulin injections.Table 1A list of recommended topics for diabetes educators with regards to insulin injections.Adapted from Teaching injection technique to people with diabetes \[[@CR19]\]Recommended topics for diabetes educators\
 Education about injection technique for delivery of insulin, including a review of hypoglycaemia (causes, detection, treatment and prevention) as well as when to check blood glucose and individualised pre- and post-meal targets\
 Periodic review of injection technique and sites, especially when blood glucose control is suboptimal\
 Use, care and action of the medications(s) to be administered\
 Choice of injection devices, considering ease of use and patient limitations including cost, manual dexterity, hearing and visual impairment\
 For pre-filled devices, considering opened expiration date, total number of units/mg in device and daily dose when choosing devices, when applicable\
 Injection site selection and rotation, including teaching patient to examine sites for lipohypertrophy\
 Choice of needle: length and gauge to maximise comfort and efficiency\
Technique\
 Timing of injection, related to the effect of the medication, meals, activity and stressors\
 Targets for dosing adjustments related to monitoring, activity stressors, and meals\
 Injection discomfort and complications\
 Safe disposal of used sharps\
 Quality control including medication storage considerations, opened and unopened expiration dates\
 Inspection of the injectable medication before each use

Appropriate storage of insulin is necessary for preservation of insulin efficacy \[[@CR14]\]. In all of Eastern Africa except the southern highlands of Tanzania and the northern part of the region (Sudan, Red Sea, Afar depression, northern Somalia), temperatures vary no more than 5 °C; giving average room temperatures between 20--30 °C in most parts of the region \[[@CR15]\]. Therefore, in the absence of reliable refrigeration in patients' homes in the majority of East Africa, it is prudent to recommend that within East Africa, insulin in use does not require refrigeration and should be kept at room temperature for a maximum of 6 weeks \[[@CR16]--[@CR18]\].

Methodology {#Sec2}
===========

A literature search on injection technique and preservation of insulin was done using Medline, PubMed and the Index African Health Journals Database by one of us (SB). The search was focused on the period between 2010 and 2018, and was restricted to full articles and the English language. MeSH terms injection, insulin, "insulin therapy", "subcutaneous injections", "injection technique", "insulin infusion", "insulin storage", "insulin transportation", "cold chain" and Africa were used. One of us (SB) summarised the literature review and drafted the initial version of the recommendations to guide the workshop on insulin therapy in Kigali, 11 March 2018. This workshop comprised of health care professionals (HCP), experts in diabetes care and patients on insulin therapy. The proceedings of this workshop informed the final recommendations and consensus guidelines presented in this paper. The full list of attendees of this workshop is provided at the end of these guidelines. In drawing up the *East Africa Diabetes Study Group (EADSG) guidelines: insulin storage and optimisation of injection technique in diabetes management*, the authors adhered to the international and ethical standards in compliance with the Uganda National Council of Science and Technology (UNCST) for developing clinical practice guidelines (CPG) \[[@CR20]--[@CR22]\]. The hierarchical system of classifying the evidence is used in these guidelines and has been previously published \[[@CR11]\]. The system classifies quality of evidence (as reflected in confidence in estimates of effects) as high (Grade A) and therefore highly recommended for adoption, moderate (Grade B), or low (Grade C) according to factors that include the risk of bias, precision of estimates, the consistency of the results, and directness of the evidence; and consensus of expert opinion (Grade D) where there is hardly any published literature but consensus of expert opinion, to guide best treatement options in clinical practice. These guidelines are based on previously conducted studies and do not contain any studies with human participants or animals performed by any of the authors. Where photographs have been taken and used for demonstration, written consent was obtained and the photograph anonymised. The authors adhered to the international and ethical standards in compliance with the Uganda National Council of Science and Technology (UNCST) for developing clinical practice guidelines (CPG).

Insulin Transportation and Storage {#Sec3}
==================================

Manufacturer to Country's Main Storage Facility {#Sec4}
-----------------------------------------------

The cold chain process is used for maintaining medication such as insulin, vaccines, and biologicals within a recommended temperature range, mostly between 2 and 8 °C throughout the supply chain. Most insulin storage data comes from the manufacturers, with few independent studies. Temperatures outside the recommended range reduce the potency of biologicals, leading to lack of desired response. Therefore, a cold chain must be used while transporting insulin from the production facility to the distributor's storage facility. A temperature log should be used for the whole transport. At the receiving end, the temperature log should be inspected by the recipient of the insulin and  confirm the insulin was received in "good cold" chain. The practice includes sending the temperature log back to the manafacturer to confirm receipt of the insulin that mantained the recommended cold chain \[[@CR14]\]. In the event of a cold chain breach, medications must be discarded. This practice should be observed in all cases.

Distribution to Health Care Facility {#Sec5}
------------------------------------

In the transportation of insulin from distributor to health care facility, suitable rigid containers should be used to maintain the temperature between 2 and 8 °C. Suitable cool boxes and gel packs should be used to maintain the recommended cold chain temperature. Insulin should not be transported in containers having temperatures below 2 °C, or be exposed to temperatures above 32 °C. Nowadays, boxes with sensors and a temperature logger are available that can accurately record the temperature within the box, and this option should be considered whenever feasible \[[@CR14]\].

Storage of Insulin at Community Health Care Facility {#Sec6}
----------------------------------------------------

The community health care facility should have a refrigerator to store insulin. Refrigerators should be placed at least at an arm's length away from the wall, and also with sufficient space in between them, in the case of multiple refrigerators and/or freezers, so as to increase the air circulation. These refrigerators must not be used to store food, blood, or milk. The refrigerator for insulin should be defrosted every 6--8 weeks if it is not self-defrosting. The refrigerator for insulin should also have an integral thermometer which should be calibrated at least annually to ensure the readings are accurate.

Upon arrival from the distributor, insulin should be transferred to the refrigerator immediately. The pharmacist/health care worker should know the recommended safe storage temperature for every medication dispensed. Insulin should be stored in a refrigerator between 2 and 8 °C and should never be kept in the freezer or placed directly on ice \[[@CR23]\]. Figure [1](#Fig1){ref-type="fig"} shows a common mistake of putting insulin directly on ice, usually during transportation. This should be avoided.Fig. 1This figure shows packaged insulin placed directly on ice cubes. In the *top part*, the insulin bottles are still in their cardboard box and in the *lower one*, the insulin bottles have been removed from the packaging. In both cases the method of keeping insulin cool is not recommended as it may result in the insulin freezing. Moreover, the melting water will destroy the labels on the insulin bottles

Transfer of Insulin from Pharmacy to Home {#Sec7}
-----------------------------------------

Insulin needs to be dispensed with very clear instructions to the patient on how it should be transported home and subsequently used. Insulin should be transported from the health care facility to home in a plastic container. Insulin should remain in its initial packaging to protect it from sunlight. Insulin should not be exposed to temperatures above 32 °C because higher temperatures will reduce its potency \[[@CR16]--[@CR18]\]. Common examples of high temperatures in day-to-day life in East Africa, where temperatures may exceed 32 °C, include car glove boxes and the top of the engine next to the passenger seat in a minibus.

An insulated bag or a cooling pouch is ideal for transportation of insulin to avoid sudden temperature variations \[[@CR23]\]. A transport box can be improvised by using a plastic box as shown in Fig. [2](#Fig2){ref-type="fig"}. The common practice of placing insulin among ice cubes (as shown in Fig. [1](#Fig2){ref-type="fig"}); or strapping insulin directly on an ice pack is strongly discouraged as it may result in temperatures lower than the recommended 2 °C. Transporting insulin immersed in water is equally discouraged, as it destroys the labels on the insulin vials.Fig. 2Figure showing a suggested improvised box for the transportation of insulin from the health facility or pharmacy to home. The ice will keep the temperatures favourable for transportation even in the heat of the sun. Furthermore, the cotton layers ensure that the melting ice will not spoil the labels on the insulin, and also act as cushions against undue shaking of insulin during transportation

Storage of Insulin at Home {#Sec8}
--------------------------

Ideally, insulin should be stored in a refrigerator between 2 and 8 °C and also should be protected from light when vials or pens are unopened. The majority of families in East Africa do not have refrigeration facilities in their homes, and therefore other methods of safely storing insulin should be devised. Vials in use may be kept at room temperature (20--25 °C), protected from sunlight, for 6 weeks, and 4 weeks if the temperature goes up to 30 °C, in a clean plastic box (Fig. [3](#Fig3){ref-type="fig"}). Storage at a higher temperature during use may degrade the insulin or convert it to higher molecular weight components \[[@CR14]\]. Patients with diabetes need to be educated about temperature variations and duration of storage of insulin vials for maintaining the efficacy of insulin \[[@CR19]\].Fig. 3Figure showing plastic containers with cotton. This is an improvised way of keeping insulin and syringes at room temperature (20--30 °C). Insulin and syringes may be transported to work and to school in the same plastic containers

Keeping insulin in clay pots is likely to cause contamination as it is difficult to keep it clean: this should be avoided. Clay pots have been previously recommended \[[@CR24]\].

Barriers to Insulin Injections {#Sec9}
==============================

The physician should involve the patient and, whenever possible, the family, when initiating insulin therapy;  and a clear explanation given to the patient on the need for insulin therapy \[[@CR25]\]. It must be noted that there are numerous myths associated with insulin injections among East African patients. The very words "needle" or "injection" carry complex connotations. Sometimes, the suggestion of starting insulin could signify a message of failure of other therapies and that "drastic" measures are now needed. The common myths about insulin therapy in East Africa include:Insulin is started after all other therapies fail.Once on insulin treatment, it is always insulin treatment.Patients on insulin must eat before the insulin is injected, or else they pass out.Patients must always have a refrigerator at home to keep the insulin in.Insulin injections are always very painful.Injections are a social stigma.Starting insulin therapy means that the diabetes is severe and the patient has reached the end-stage (death is near).Injection sites will soon become raw and exhausted.Insulin induces hypoglycaemia, a condition synonymous with death; and that this is almost always occurs in patients on insulin therapy.

Patients should be reassured and counselled about the safety of insulin therapy. They should be informed that initiating insulin therapy does not necessarily imply that the diabetes is in the last stage, and that well managed insulin therapy poses minimal complications. Patients with T2DM should be informed that insulin may be started right at the time of diagnosis, especially when metabolic control is poor and the blood glucose level is very high. They should also be told that, depending on the metabolic response, some patients may be shifted to oral hypoglycaemic agents after stabilisation of the metabolic state. Patients requiring long-term therapy with insulin should be informed accordingly and given the reasons why alternative medications are not applicable.

Psychological Insulin Resistance {#Sec10}
--------------------------------

Psychological insulin resistance is a term that physicians use to describe the psychological barriers against initiation and persistence with insulin therapy among patients. These barriers include cognitive, emotional, rational and cultural obstacles, but not psychological disorders. By preventing patients from starting and continuing to take the required insulin, psychological insulin resistance can lead to persistent hyperglycaemia and increased risks of developing complications. These barriers need to be identified and addressed \[[@CR26]\].

Overcoming Barriers for Insulin Injection {#Sec11}
-----------------------------------------

Studies suggest that negative opinion about insulin therapy is modifiable. Barriers to insulin therapy are more of a temporary than a persistent phenomenon. There are many strategies physicians can use to overcome the barriers to insulin therapy, which include \[[@CR27]\]:Referring patients for diabetes self-management education and medical nutrition therapy.Providing ongoing self-management support, andAddressing emotional issues.

The demonstration site should be similar to the sites of injection the patient is advised to use. Do not demonstrate on the leg, when the injection should be given on the thigh \[[@CR19], [@CR25]--[@CR27]\].

Therapeutic Education {#Sec12}
---------------------

Therapeutic education is a process where the competencies (knowledge, skills and attitudes) and the necessary support for self-control of a disease are provided to the patient and his/her family and the competencies integrated into the treatment \[[@CR28]\]. Traditionally, diabetes educators "instruct" patients and their relatives to follow the prescribed treatment. Such information is not sufficient to change their health behaviour. A patient's adherence depends on the learning strategies being used. In therapeutic education, patients acquire knowledge about their disease and the basis for treatment, so that they integrate knowledge and skills acquired into their daily lives to improve care and prevent acute and chronic complications. Therapeutic education for diabetes should accompany dispensing of insulin \[[@CR28]--[@CR30]\].

The First Injection {#Sec13}
-------------------

Around 40% of diabetes patients are scared of needle pain. Therefore, the first injection should be taken by the patient under the observation of a trained health care worker. The following steps help to overcome the fear \[[@CR31]\]:The patient should be counselled and be informed that most people are afraid of the needle prick, until they do it and see how relatively pain-free it actually is.The sizes of the needles available should be demonstrated to reassure the patient that the needles are thin and short.

Injection Recommendations {#Sec14}
=========================

Insulin is effective only if administered appropriately. Patient surveys demonstrate that patients continue to have many issues with insulin injection technique, highlighting the need for effective patient education \[[@CR31]\].

Site of Injection {#Sec15}
-----------------

The four safe areas for insulin injections are the sides of the thighs, the backs of the upper arms, the abdomen and the upper outer buttocks. To avoid bumps and scar tissue on the skin, rotation of insulin injection sites should be done and a systematic approach to injection site rotation adopted.

Thus, injections may be given in the abdomen, outer thigh, back of the arm, and flank/buttocks regions. The sites for rotation are shown pictorially in Fig. [4](#Fig4){ref-type="fig"}a, b. Insulin injected on the abdomen acts faster than insulin injected on the thigh. The rate of absorption of insulin injected on the arm is between that of insulin injected on the abdomen and that injected on the thigh \[[@CR32]\].Fig. 4**a** Figure showing the areas recommended for insulin injections as viewed from the front. They may be divided up into smaller areas, so that each area is injected not more than once a day. **b** Figure showing the areas recommended for insulin injections as viewed from the back

Care of Injection Site {#Sec16}
----------------------

The nature of the fat tissue under the skin changes with repeated injections into the same site and subsequently insulin is not appropriately absorbed. Proper care of injection sites should be taken to prevent complications \[[@CR33]\]. Patients on insulin should be instructed to observe the following:To always visually inspect the injection sites before injecting insulin.To palpate the injection sites before injecting insulin. Patients should be instructed on how this is done.To avoid injecting into sites with lipohypertrophy, oedema, inflammation or signs of infection.To bathe with soap and water daily.To rotate sites of injection every day.Not to reuse the needle if possible; otherwise limit the reuse when injections become more painful; but should not reuse needles more than 5 times.There is no need to swab the area, if clean. If the injection site is not clean, clean with plain water. Swabbing with spirit-swabs is not recommended as it leaves the skin dry.

Rotation of Sites {#Sec17}
-----------------

Although insulin injections usually cause no significant pain, injecting at the same spot repeatedly can cause inflammation or fat tissue increase (lipohypertrophy), or scarring. Lipohypertrophy or scarring leads to poor insulin absorption and depot formation, which may affect insulin release, causing early postprandial hyperglycaemia and/or delayed hypoglycaemia. Therefore, rotation of injection sites is important to prevent lipohypertrophy and scarring, and thus improve the predictability of insulin absorption and action. Recommended ways of rotating injection sites are shown in Fig. [5](#Fig5){ref-type="fig"}. The same site should be used for at least 1 month and rotation should be done within the same site, rather than rotating to different sites with each injection. Each injection should be away from the previous one by a fingerbreadth (2.5 cm). Use of same site decreases variability in day-to-day absorption of insulin. A site with open wounds or blisters should be avoided. Blood glucose monitoring should be done on change of site. Change of site of injection is frequently associated with hypoglycaemia \[[@CR5]\].Fig. 5Figure showing a method that can be adopted to rotate insulin injections. The recommendation is to rotate the injections within one site consistently. Here the figure shows the method of rotation on the abdomen in the *upper part* and the thighs in the *lower part*

For small children, it is good to use all the areas --- arms, legs, abdomen and backside. Bigger children and teens should use the abdominal area most often.

Physical Aspects of Insulin {#Sec18}
===========================

Travelling with Insulin {#Sec19}
-----------------------

Carrying insulin while travelling in hot climates can be a challenge. Insulin may be packed in a tight polythene bag and kept inside a small thermos flask \[[@CR14]\].

Precautions {#Sec20}
-----------

Do not keep insulin in a locked car or in the glove compartment. Temperature in closed vehicles may reach very high levels (above 32 °C), with loss of potency of insulin \[[@CR14]\].When travelling by air, carry insulin supplies, along with a prescription, in cabin baggage or handbag. Luggage which is checked-in is stored in the aircraft's hold and may freeze: any insulin in this luggage may lose its potency \[[@CR14]\].Do not store insulin near extreme heat (above 32 °C) or extreme cold sources (below 2 °C) \[[@CR14]\].

Insulin in School {#Sec21}
-----------------

Quality diabetes care at school is necessary for the child's immediate safety, long-term well-being, and optimal academic performance. To facilitate the appropriate care of the student with diabetes, the school teachers as well as other school personnel should understand diabetes and therefore need to be trained in its basic management, and the treatment of diabetes emergencies. The following should be addressed in the school \[[@CR34]\]:Identify an appropriate location for insulin storage and follow the guidelines for insulin storage.Train one person from the school about insulin administration, doses/injection times prescribed for specific blood glucose values and for carbohydrate intake. The person should liaise with parent/guardian on insulin supplies and other essentials for diabetes care.Identify a location in the school to provide privacy during insulin administration, if desired by the student and family.The school authority should permit the student to check his or her blood glucose level and take appropriate action to treat hypoglycaemia or hyperglycaemia, when need arises.A school authority and preferably peers of the student to recognise symptoms of hypoglycaemia and hyperglycaemia and their immediate management.A school authority and preferably peers of the student to understand how participation in physical activity can be safely done.A school authority to receive instructions for handling diabetes emergencies.A school authority to have a plan for the disposal of sharps and other health waste.

Insulin and Work {#Sec22}
----------------

Insulin should be carried in a container to prevent exposure to extreme temperature and sunlight. If the work is in the field, the insulin should be placed in the shade where the temperatures are not high.The employer should provide a convenient place to store insulin and other supplies, if work conditions are not suitable for the temporary storage of insulin while at work, especially if the work place is not private enough to administer insulin.The employer should give permission to the employee to take short breaks to administer insulin as required. The employee should be permitted to consume food or beverages as needed at their desk or workstation, but this should conform to the social and cultural norms of the society, otherwise a convenient place should be identified for the patient to use \[[@CR28], [@CR35]\].

Absorption of Insulin {#Sec23}
---------------------

Multiple and varied factors affect insulin absorption. These are listed in Table [2](#Tab2){ref-type="table"}. Patients should be told about these factors and be allowed to discuss factors that do affect the absorption of insulin. The abdominal site is the least susceptible to factors affecting insulin absorption. To minimise the variability of insulin absorption, patients should use one site of injection for a particular time consistently \[[@CR33]\].Table 2Factors affecting insulin absorptionFactorEffect on insulin absorptionExercise of injected areaStrenuous exercise of a limb within 1 h of injection increases insulin absorption. For example, injecting on the thigh and immediately riding a bicycle. This is clinically significant for regular insulin and insulin analoguesLocal massageVigorously rubbing or massaging the injection site increases absorptionTemperatureHeat can increase absorption rate, including use of a sauna, shower, or hot bath soon after injection. Exposure to a cold environment has the opposite effectSite of injectionInsulin is absorbed faster from the abdomen. Less clinically relevant with long and intermediate-acting insulins (NPH, insulin glargine and insulin detemir)LipohypertrophyInjection into hypertrophied areas delays insulin absorptionJet injectorsIncrease absorption rateInsulin mixturesAbsorption rates are unpredictable when suspension insulins are not mixed adequately (i.e., they need to be re-suspended)Insulin doseLarger doses delay insulin action and prolong durationPhysical status (regular versus insulin suspension)Suspension insulins must be sufficiently re-suspended prior to injection to reduce variabilityInsulin typeInsulin aspart, glulisine and lispro appear to have less day-to-day variation in absorption rates and also less absorption variation from the different body regions. Insulin glargine's pharmacokinetic profile is similar after abdominal, deltoid or thigh subcutaneous administration. More concentrated insulin has less variability (see U200 and U500 insulins)

Administration {#Sec24}
==============

Preparation of Skin for Injection {#Sec25}
---------------------------------

Washing of hands with soap and water or with an antiseptic is required as a hygiene process. Hands should be dried before starting the process of injecting insulin \[[@CR36], [@CR37]\].

Swabbing of the injection site:

Swabbing of the skin with antiseptic is not necessary. Patients should keep clean all the time, and it is advised that they bathe daily. If the injection site seems dirty, cleaning of the skin with water should be done and thereafter dried with a clean towel. If an antiseptic cleansing agent is used, then the skin should be allowed to dry before injecting insulin \[[@CR37]\].

Injection Devices {#Sec26}
-----------------

### Syringes and Vials {#Sec27}

Disposable plastic insulin syringes are the most widely used devices for insulin injection. Insulin syringes are available with 0.3-, 0.5-, 1-, and 2-ml capacities.0.3-ml insulin syringes are graduated in 1-unit intervals and are ideal for doses under 30 units because of their discrete size and easy 1-unit adjustment.0.5-ml insulin syringes are graduated in 1-unit intervals and are ideal for doses between 30 units and 50 units.1-ml insulin syringes are graduated in 2-unit intervals and are ideal for doses over 50 units.

Length and thickness of needles have been reduced to minimise the pain during the injection, and to prevent inadvertent intramuscular administration of insulin. In the past few years, insulin needles were quite long (12.7 mm); these are no longer recommended. Shorter needles of 8-mm and 6-mm length were developed to reduce the pain, and avoid inadvertent intramuscular injection of insulin. Currently a 4-mm needle is available for pens and a 6-mm needle is available for syringes: these are suitable for all people with no pinching. Pinching may be necessary for some individuals with thin skin when using the 6-mm or larger needles.

In East Africa, the conventional insulin and syringe are the most commonly used, while a few patients use pen devices. The cost of pen injection devices is a barrier to their use in East Africa.

Insulin injection using vial and syringe has the potential for several problems \[[@CR38]\]:Inconvenience of carrying several materials.Preparing the syringe.Adverse psychological and social impact of using a syringe (syringes are associated with sickness and drug abuse).Use of an incorrect insulin product.Failure to administer accurate doses.

#### Insulin Pen Devices {#Sec28}

The first insulin pens were introduced in 1985, but they  required loading. Loading was eliminated in 1989 with the development of the first fully disposable prefilled insulin pen. It was developed to improve treatment compliance. Pens are simple to use; and patient preference and satisfaction with insulin pens may lead to better adherence and thus better glycaemic control, which leads to reduced health costs. Insulin pens are significantly less painful and the scale is easier to read compared to the conventional vial/syringe.

There are two types of insulin pen devices:Disposable or prefilled insulin pens: these devices come with insulin.Reusable insulin pens.

Insulin pens may be beneficial in difficult-to-treat patient populations such as elderly individuals, patients with visual or dexterity impairments, children, and insulin-naive patients. The benefits of prefilled disposable pens have been established in a number of studies \[[@CR39]\].

Limitations of insulin pens include higher prescription cost and inability for patients to mix their own insulin formulations \[[@CR38]\].

#### Pen Needles {#Sec29}

Pen needles are available in different lengths: 4, 5, 6, 8, and 12.7 mm. Shorter and thinner needles cause less pain; thinner needles cause less penetration force; while the five-grind needle tip needles cause less penetration force \[[@CR38]--[@CR43]\].

Pen needles with additional features to prevent injuries have been developed \[[@CR42]\].

Needle Reuse {#Sec30}
------------

Ideally, disposable syringes and pen needles should be used only once. Reuse of syringes and needles may not guarantee sterility. Patients with poor personal hygiene, acute concurrent infections, open wounds on the hands, or decreased resistance to infection for any reason should not reuse a syringe or pen needle. The newer, smaller (30- and 31-gauge) needles have a thin tip. The needle tip can become bent to form a hook with single-use, which can lacerate tissue or break off to leave needle fragments within the skin. This may increase lipodystrophy or have other adverse effects \[[@CR43]\].

Some patients reuse the needles for various reasons. Many patients find it burdensome to carry extra needles when away from home. They are also reluctant to carry containers to dispose of used needles. Others find that the injections from reused needles are not noticeably more painful. For reuse of a needle, it must be recapped after each use, and an inspection of the injection sites for redness or swelling must be done. A needle should be discarded if it is noticeably dull or deformed or if it has come into contact with any surface other than skin \[[@CR29], [@CR41], [@CR44]\].

Disposal of Syringes {#Sec31}
--------------------

Diabetes patients use various insulin pens, needles, syringes and lancets at home as a part of their self-care. Sharps, e.g. hypodermic, intravenous or other needles; auto-disable syringes; syringes with attached needles; infusion sets; scalpels; pipettes; knives and broken glass all contribute to the general sharps waste in the home, and should be disposed of safely. 

Incorrect disposal of sharp objects among diabetes patients and members of their family can lead to needle-stick injuries among domestic waste handlers, and the community. The following have been identified as barriers for proper disposal of needles and syringes \[[@CR42]\], and therefore should be addressed by health workers as part of diabetes care:Lack of information about how and where to dispose.Lack of proper advice by doctors and nurses.Wrong perception that sharps disposal information is meant only for illegal drug users,Some patients feel that using community sharps disposal services may result in revelation of their diabetes status, which may have been kept confidential.The perception that disposal of sharps into pit latrines or burning them in cooking fire stoves is a correct way of disposing of sharp hazardous waste, and cheaper.

It should be stressed to patients, their care givers and their families that home-generated hazardous waste resulting from syringes, insulin pens, gloves, blood glucose test strips and catheters used in day-to-day care needs to be disposed of safely. Sharps and, more specifically, needles, are considered to be the most hazardous category of healthcare waste for health care workers and the community at large, because of the risk of needle-stick injuries which carry a high potential for infection \[[@CR45]\]. Waste should be segregated and disposed of safely. The correct segregation of health care waste is the responsibility of the health care provider and/or patient and care giver who produces each waste item. The simplest and safest waste segregation system is to separate all hazardous waste from non-hazardous general waste (which is generally of larger quantity) at the point of generation. The hazardous waste portion is very commonly separated into two parts: used sharps and potentially infectious items. Consequently, the segregation into separate containers of general non-hazardous waste, potentially infectious waste and used sharps is often referred to as the "three-bin system" \[[@CR45]\]. Table [3](#Tab3){ref-type="table"} summarises the options for safe disposal of health care waste that may adopted by patients and their care givers.Table 3Guidelines for disposal of hazardous and non-hazardous wasteStepGuidelinesCollection of used needles and syringes (sharp waste)Puncture-proof box with lid at the top to be used and labelled as "BIOHAZARD" with a biohazard sign and yellow marked\
Box should be filled up to 75% of its capacity only\
Recapping the needle, bending/cutting etc., and transfer of sharps using hands should be avoided\
It is recommended that if possible, a needle cutter is used to cut needles off syringes; and the needles then discarded into the sharp waste, while the plastic part of the syringe is disposed of into a thick plastic bag (non-hazardous waste). Should a needle cutter not be available and therefore the needle cannot be safely removed, the whole syringe should be disposed of into the sharps box (hazardous waste)\
For picking up of needles or syringes, the syringe end should be preferred; if lying on the ground, a long-handled tong should be usedStorage and disinfection in DICs (hazardous -waste)Immersing the sharps in 1% sodium hypochlorite solution for 30 min and then storing in a translucent white or blue coloured bin till final disposal from DICFinal disposal from DIC (hazardous waste)Link up with waste management agencies whenever possible; in case of non-availability, an option of linking with a health facility having an incinerator should be encouraged\
In the absence of the above possibilities, improvised local mechanisms of disposing the hazardous waste in pits that are at least one metre in depthGeneral health-care waste (non-hazardous)Colour of container usually black\
Use a plastic bag inside a container which is disinfected after use\
The bag should be filled to 75% only and collected at least once a day*DIC* drop-in-centre

Safe disposal of sharps used by patients with diabetes in different countries \[[@CR45]\], showed that most of them followed either drop boxes, puncture-proof containers disposed of in the trash, and sharps container disposal at designated sites (Table [3](#Tab3){ref-type="table"}). Studies on waste disposal in East African countries have highlighted challenges that range from lack of knowledge to lack of resources to implement good practices. There is therefore a need to identify cost-effective need-based solutions which are easily implementable as well as sustainable in East African countries \[[@CR45]\].

Injection Technique Recommendations {#Sec32}
===================================

Lifting Skin Folds (Pinching) {#Sec33}
-----------------------------

When the local site for the injection is deemed clean, there is no need to prepare skin with alcohol or other antiseptic prior to lifting the skin fold and injecting the insulin \[[@CR46]\]. Insulin should be injected and deposited into the subcutaneous space when prescribed as subcutaneous injection. Therefore, an appropriate needle size and length should be used. A 4-mm needle (pen device) or 6-mm needle and syringe is recommended. Lifting a skin fold (pinching) is done to avoid inadvertent intramuscular injection, and this should be done with 6-mm or longer needles, especially in children and other patients with thin skin. The correct technique for lifting a skin fold (pinching) for injection should be taught to all patients. The lifted skin fold should be lifted up gently and not squeezed tightly to causes skin blanching or pain. Figure [6](#Fig6){ref-type="fig"} shows a correctly lifted up (pinched) skin fold.Fig. 6The method of lifting up (pinching) a skin fold. The correct way is ticked with *green*; the wrong ways are *crossed with red*. Only moderate pressure should be exerted on the skin

The Proper Use of Syringes {#Sec34}
--------------------------

In East Africa, patients use syringes as their primary injecting device. It is recommended to use U-100 --- 1.0-ml or 0.5-ml syringes. Careful attention should be paid to labels on the syringes when purchasing syringes, to ensure that correct syringes are purchased, especially if purchased from outside East Africa. There is no medical rationale for using syringes with detachable needles for insulin injection. Permanently attached needle syringes offer better dose accuracy and reduced dead space, allowing the patient to mix insulins if needed. There are currently no syringes with a needle less than 6 mm in length, due to compatibility issues with insulin vial stoppers \[[@CR42]\].

Injection Technique for Syringe and Vials {#Sec35}
-----------------------------------------

Insulin injection involves 2 steps: filling the syringe and injecting. The steps for injecting insulin are given pictorially in Fig. [7](#Fig7){ref-type="fig"} \[[@CR47]\].Fig. 7This figure shows the steps that should be taken when insulin is injected. (1) Hands should be cleaned, and insulin gently mixed if it is the cloudy insulin. (2) The rubber on the bottle should be cleaned with spirit. If spirit is not available, cleaning should be done with water and the rubber dried with a tissue. (3) Air equivalent to the volume of insulin to be drawn, should first be drawn into the syringe, then injected into the bottle containing insulin. This is done to avoid creating a vacuum in the bottle containing insulin. (5) Insulin as required is then drawn into the syringe. (6) Ensure that the correct position of tilting insulin downwards is done, so to avoid drawing insufficient insulin. Insufficient insulin will be drawn if the bottle is not tilted appropriately and the needle sticks above the insulin level. Air bubbles should be removed. (7) The needle is pushed into the skin at 90°. (8) The plunger is advanced down and injection completed. It is recommended to allow the insulin injected to stabilise under the skin, by counting from 0 to 30. (9) The needle and syringe is removed from the skin and discarded into a plastic container, for appropriate disposal as hazardous waste

Injecting Insulin {#Sec36}
-----------------

The following steps should be clearly elaborated to patients \[[@CR48]\]:Choose where to give the injection. It may help to keep a chart of places used, so that insulin is not injected in the same place more than once in a day.Keep the injection 2.5 cm (one finger breadth) away from scars and 5 cm (two finger breadths) away from the umbilicus.Insulin should not be injected into skin that is bruised, swollen, or tender.The site chosen for the injection should be clean and dry. If the skin is visibly dirty, the area should be cleaned with  plain water. Swabs containing spirit should not be used on injection sites; if used, the area should be left to dry prior to giving an injection of insulin. Patients are encouraged to bathe after work, and daily with soap and water to maintain good hygiene.If required lift (pinch) a skin fold and aim the needle perpendicularly at an angle of 90°. The procedure is the same whether a pen device or syringe is used to administer the insulin.Push the needle into the skin. Let go of the pinched skin. Inject the insulin slowly and steadily until it is all in.Leave the syringe in place for 5--30 s after injecting; ensured by counting from 0 to 5 or up to 30. In East Africa we prefer to tell patients to count from zero to thirty as this is easily remembered.Pull the needle out at the same angle it went in. Put the syringe down.If insulin tends to leak from the injection site, put some pressure on the injection site with a piece of cotton swab for a few seconds: DO NOT RUB.If bleeding occurs, apply a cotton swab with some little pressure for 30 s. This is usually sufficient. DO NOT RUB.Place the needle and syringe in a safe hard container. Close the container, and keep it safely away from children. This is the sharps waste container and the needles will be disposed of later appropriately. If the syringe and needle are to be reused, the needle should be carefully recapped, stored away in a clean container and reused later, but not more than 5 times.If more than 50 units of insulin is to be injected, it is advisable to split the doses and administer the divided doses either at different times or using different sites for the same injection. The health worker should be the one to determine the splitting of the doses. Large volumes of insulin are associated with more insulin absorption variability, which should be avoided.

Special Situations {#Sec37}
==================

Very Thin and Wasted Individuals {#Sec38}
--------------------------------

For lean patients, it is recommended to use a 4-mm needle with a pen injection device, otherwise employ the combined use of a raised skin fold and angled insertion of the needle, if using needles longer than 4 mm \[[@CR49], [@CR50]\].

Very Obese Individuals {#Sec39}
----------------------

Needle length should not be a concern in patients who are obese or overweight. In obese patients it still recommended to use 4- to 6-mm needles. Lifting a skin fold  is not necessary in obese patients \[[@CR49]\].

Lipohypertrophy {#Sec40}
---------------

Lipohypertrophy is enlargement of adipocytes that manifests as swelling or induration of fat tissue, caused by insulin injection. Lipohypertrophy is seen in up to 50% of patients taking insulin \[[@CR51]\].

Recommendations:Examine the sites for lipohypertrophy at least every 3 months, or more frequently. Injection sites should be gently palpated in order to feel the lipohypertrophy.Patients should be instructed on how to palpate the injection sites routinely; and on how to inspect their own sites. Patients should be given training in site rotation and proper injection technique.The size of the lipohypertrophy should be estimated by feeling its extreme edge and measuring its longitudinal and transverse diameters using a point 5-cm (two finger breadth) away from the extreme edge of the lipohypertrophy. The site and the size of the lipohypertrophy should be documented in the patient\'s notes and referred to in future assessment of the lipohypertrophy.Patients should be requested to avoid injecting into areas of lipohypertrophy until the next examination. Recommend use of larger injection zones, correct injection site rotation, and non-reuse of needles.A reduced dose of insulin may be required after switching injections away from the lipohypertrophy, to avoid hypoglycaemia, as absorption of insulin will be better. Measure the blood glucose and adjust insulin dose.

Pain {#Sec41}
----

Pain in injection therapy depends on the needle length and diameter, injection technique, and whether the injection is intramuscular \[[@CR50]\]. Pain caused by intramuscular injections of insulin is described as stinging, and the pain is aggravated by contracting the muscle while the needle is in situ. Pain is also caused by reuse of a distorted or blunt needle. Use of short and narrow-gauge (4 to 5 mm × 32G) insulin pen needles reduces pain. Cold insulin is painful. The following measures assist in minimizing pain from insulin injections:Inject insulin that has a temperature of the surrounding room (20--30 °C).Avoid the use topical alcohol for swabbing.Relax the muscles at the site during the process of injection.Quickly penetrate the skin.Do not change direction of the needle during insertion or withdrawal.Do not reuse needles, if possible.Do not use an injection device that puts pressure on the skin around the injection site.Apply a little pressure for 5 to 8 s after the injection, without rubbing: this is advised if an injection seems especially painful.

Paediatrics {#Sec42}
===========

Diagnosis of diabetes in childhood causes stress and anxiety which hinders a parent's ability to administer insulin or encourage children to self-administer insulin. Health care professionals should give appropriate education and demonstration of injection technique on themselves ("walking in the patient's shoes"): it helps parents, care givers, and children to overcome anxiety and other issues. Play therapy is a useful method of explaining injection technique. Injecting toys, dummies and "oranges" is strongly discouraged as it creates more fear and anxiety. All those present (physician, nurse, parents and relatives) should give the injection "without insulin" and appreciate "there is no pain" \[[@CR51]--[@CR53]\].

Thickness of Subcutaneous Fat {#Sec43}
-----------------------------

The thickness of skin and subcutaneous tissue varies from 4.9 mm in the arms of 2--6 year olds to 8 mm in 14--17 year olds. The skin surface to muscle distance is \< 4 mm in nearly 10% of children, especially in the 2- to 6-year age group. In this age group, the risk of intramuscular injections using the 4-mm pen needle, even when lifting a skin fold (pinching) is not done, is low (20.2%). The 4-mm pen needle should therefore be the recommended needle for all children. However, because the 4-mm needle is only available with pen devices, in East Africa it is recommended that a 6-mm needle and syringe be used along with appropriate lifting of a skin fold, to reduce the risk of intramuscular injection in children \[[@CR51]\].

Sites of Injection {#Sec44}
------------------

Insulin can be injected into the following areas in children:Outer arm.Abdomen.Hip.Thigh area.

For small children, it is good to use all areas --- arms, legs, abdomen and the backside. In bigger children and adolescents, the abdomen may be used more often.

Choose the thighs or the buttocks for the evening NPH. This helps lower the chance of hypoglycaemia during the night.

Choose the abdominal area if exercise that will involve using the arms and legs is planned. Exercise can changes the dynamics of insulin action and should always be considered when insulin is being administered.

Self-Injection {#Sec45}
--------------

There is no right age for the child to start injecting on his or her own. Some children may want to get used to having injections given to them by an adult, before learning to inject themselves. Studies have shown that children above 11 years can independently inject insulin. Children should not be excessively pressurised to administer their own injections. When they're ready, encourage them to self-inject. They should always be supervised \[[@CR53]\].

Needle Anxiety and Pain {#Sec46}
-----------------------

The fear of needles or needle phobia is common among children and adolescents. Consider intervention strategies for the parents to address needle anxiety and pain.

RecommendationsParents themselves have to be calm and composed before any injection. This is comforting for the child.Identify the past experiences with injections.Select appropriate syringes with needles attached or pens and 4-mm needles.Compare the needles used for other injections and insulin.Discuss how needles have been designed to improve patient comfort.Discuss alternative regimens to maintain adherence and reduce pain \[[@CR54], [@CR55]\].

Insulin Underdosing and Overdosing {#Sec47}
----------------------------------

Insulin under- and overdosing is an important area in patient care, but cannot be discussed in detail in these guidelines. Suffice to mention that when it is suspected, it requires specialised attention and care \[[@CR56]\].

Pregnancy {#Sec48}
=========

An optimal injecting technique during pregnancy has not established. However, the following recommendations are considered reasonable.

Recommendations:The abdomen is generally a safe site for insulin administration during pregnancy. However, as thinning of abdominal fat from uterine expansion is common, pregnant women with diabetes (of any type) should use a 4-mm pen needle when injecting on the abdomen. Other areas follow similar recommendations as in non-pregnant state.First trimester: hypoglycaemic events are most common during the 1st trimester. Close monitoring and dose adjustments are important. No change in insulin site or technique is needed.Second trimester: insulin can be injected over the entire abdomen as long as properly raised skin folds are used. Lateral aspects of the abdomen can be used to inject insulin when no skin fold is raised.Third trimester: injections can be given into the lateral abdomen with properly raised skin folds. Apprehensive patients may use the thigh, upper arm, or buttock instead of the abdomen. Areas around the umbilicus should be avoided during the last trimester \[[@CR32]\].

Elderly {#Sec49}
=======

Geriatric patients often have limited dexterity, visual impairment, and hearing impairment.

Recommendations \[[@CR44]\]:Counsel elderly diabetes patients about the course of diabetes and proper injection technique.The elderly should be assisted by a care giver.Prevention and treatment of hypoglycaemia should be emphasised.Insulin pens are beneficial in the elderly due to their discreetness, simplicity, convenience of use and dosage accuracy.For visually impaired patients, the use of acoustic devices for glucose measurement is recommended.In patients with both visual and dexterity impairment, pre-filled syringes may be helpful.For patients with impaired hearing and those who use hearing aids, conduct education in a noise-free environment.

Health Care Recommendations {#Sec50}
===========================

Institutional Care {#Sec51}
------------------

In critically ill patients with hyperglycaemia, protocol-driven intravenous infusion is recommended. For achieving and maintaining glucose control in non-critically ill patients with diabetes or stress hyperglycaemia, scheduled subcutaneous insulin is recommended \[[@CR57]\].

RecommendationsThe use of insulin pens instead of vial and syringes can provide several advantages for hospitalised patients, including greater satisfaction among them and health care providers, improved safety and reduced costs.Nurses need to follow the same principles of injection.Note that when insulin has to be injected intramuscularly, a needle for intramuscular injection fitted to a syringe that can adequately measure insulin dosage should be used. The usual 6-mm needles or syringes will not deliver insulin intramuscularly \[[@CR50]\].

The Community {#Sec52}
-------------

Community nurses may have to give insulin injections to patients, if self-injection is not possible by the patient, or cannot be administered by a care giver. The community nurse should therefore be trained in insulin therapy, especially if involved in diabetes care \[[@CR58]\].

Recommendations:A community nurse needs to learn how to administer insulin using both an insulin syringe and a pen device.Supplies of insulin syringes should always be available to community nurse teams.Review patients requiring insulin administration more than once a day to change to a once-daily regime wherever possible to reduce demand on the community team whilst maintaining appropriate glucose control and quality of life.It is recommended that a standard in-house protocol for community nursing teams to administer insulin be developed.It is recommended that such protocols should include the full name of the insulin, the dose to be given (with no abbreviation for the word 'units') and be signed and dated by the prescriber.

Discussion {#Sec53}
==========

These are the first injection technique recommendations for East Africa, and they focus on needle length selection, the injection process and the choice of body sites. The recommendations also cover how insulin should be transported from the health facility to the patient's home and later how it should be stored at home. Additional recommendations have been provided on disposal of non-hazardous and hazardous (sharps) health waste; and the need to have national policies to cover these areas. Further recommendations have been provided on topics which, though addressed earlier, still lacked detail and specificity: lipohypertrophy, choice of needles in paediatric age groups, reuse of needles and patient education. These recommendations reflect our current synthesis of the available evidence, as well as expert consensus; we expect further changes following new research publications in this area, especially from the East African region.

Regardless of the patient group, the present recommendations guide the health worker and the patient towards using shorter (4 mm with pens and 6 mm with syringe) needles. This appears to be the most efficient means of protecting against intramuscular injections in children and in those adults with "paper-thin-skin" who are not able to appropriately lift skin folds (pinch). There is no medical rationale for the use of needles greater than 6 mm in children and adolescents, nor adults. The move to shorter needles is appropriate given the improved understanding of the anatomy of the skin and subcutaneous adipose tissue at the common injection sites, without an associated increase in cost of the syringes and needles. This change needs to be appreciated by government agencies, who procure the insulin syringes.

Barriers to Adopting the Recommendations {#Sec54}
========================================

Natural Resistance to Change {#Sec55}
----------------------------

Decisions imposed on people suddenly, with no time to get used to the idea or prepare for the consequences, are generally resisted. This natural resistance to change may be the first barrier to the implementation of these guidelines; for example, health workers and policy makers may request more time to transition from longer needles to shorter ones.

Lack of Resources for Education {#Sec56}
-------------------------------

Health facilities in East Africa do care for patients with diabetes, both type 1 and type 2. However, only a few follow any specific guidelines, or have in-house protocols for managing diabetes \[[@CR59]--[@CR61]\]. Resources will therefore be required to mobilise the health care providers and educate them on the optimisation of insulin therapy and insulin injection technique. Patients with diabetes will also require a more detailed education on injection technique.

Policy Change {#Sec57}
-------------

While the cost of smaller-sized needles is not different from that of longer ones which may be in current use in most health facilities \[[@CR42]\], the change to smaller-sized needles implies a policy change that is a process. Keeping insulin and vaccines in the same refrigerator at the community health care facility may meet some resistance as it also requires a policy change.

Consensus Statements and Lack of Evidence {#Sec58}
-----------------------------------------

Consensus statements were produced because of lack of randomised controlled studies and other hard scientific data. These may meet challenges.

Health Service Delivery {#Sec59}
-----------------------

Health service delivery in East Africa still has unmet needs for the management of diabetes. This impacts adversely on the choices of medical therapy and consequently on the quality of care. For example, the quantity of syringes supplied by the health authorities may not be sufficient and therefore must be reused if insulin has to be administered. Lack of trained health care providers in the field of diabetes leaves room for advice from non-qualified and untrained individuals. Such advice is likely not to be evidence based. Patients are frequently advised to slant the needle to almost being horizontal, leading to insulin being injected into the skin and causing scarring \[[@CR11]\] or to transport insulin among ice cubes or in water.

Most patients requiring insulin therapy have to pay for some of the medications out of pocket \[[@CR62]\], and this is a barrier to receiving quality care, as most have poor incomes.

Strategy to Overcome the Barriers {#Sec60}
---------------------------------

In order to ensure that the guidelines are adopted and implemented, it is of critical relevance to establish continuous education programmes for health workers and diabetes care givers. When recommending the guidelines, superior outcomes in diabetes care must be a key decision-making criterion. Studies examining outcomes in patients with diabetes in which these guidelines have been implemented should be encouraged and supported.
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